The "summer slump" syndrome of bovine fescue toxicosis results from the combination of high environmental temperatures and humidity and intake of tall fescue grass infested with the endophyte Acremonium coenophialum. One of the most obvious clinical indications of this syndrome is open-mouth breathing or panting, often interspersed with deeper, stronger respiratory efforts. Phase II breathing 4,5 is a result of prolonged heat stress and is more effective than panting in eliminating body heat. However, the deeper alveolar ventilation associated with phase II breathing often leads to a deficit of CO 2 and an elevation in blood pH, i.e., respiratory alkalosis. 2, 5, 6 Respiratory alkalosis in itself is not life threatening, since blood pH can be lowered to or at least maintained within the normal range through compensatory mechanisms . 6, 9 However, if the body's ability to compensate is exceeded, collapse and death soon result. Previous authors 2, 3, 6 have recorded the acid-base changes in cattle exposed to high environmental temperatures. However, none have attempted to define the acid-base dif-ferences that could be due to intake of tall fescue endophyte at high environmental temperatures.
This investigation was designed to compare the acidbase status of cattle subjected to controlled environmental conditions and fed either an endophyte-free ration (containing no fescue seed) or a ration containing endophyte-infested fescue seed. Results were also to be utilized in a more extended trial devised to better define a possible genetic basis for susceptibility or resistance to environmental heat and endophyte toxicosis.
Materials and methods
Subjects. Experimental animals consisted of 3 groups of yearling bulls: group A, 11 Simmental calves, ranging in weight from 148 to 285 kg with a mean weight of 230 kg; group B, 11 Angus calves, ranging in weight from 217 to 261 kg with a mean weight of 241 kg; and group C, 12 Simmental calves, ranging in weight from 167 to 285 kg with a mean weight of 228 kg. To facilitate repeated arterial blood collection, the right carotid artery was surgically elevated in each subject. 8 Housing and diets. Bulls were housed in the University of Missouri, Brody Laboratory controlled-environment chambers in accordance with regulations established by the US Department of Agriculture. Standard temperature ranged from 21.1 to 22.2 C, and standard humidity was 60%. The photoperiod was 12 hr light/12hr dark. The bulls were acclimated for 7 days while being fed a total mixed ration of 25% cracked corn, 25% corn gluten, 10% soybean meal, 5% molasses, 20% crimped oats, 12% cottonseed hulls, 0.5% trace mineral salt, 2% limestone, and 0.5% potassium chloride. Ration intake was gradually increased from 4.5 kg/herd/ day to 6.4 kg/herd/day. These dietary and environmental Treatment 2 varied only by heat challenge. The treatment 3 diet, fed during the second period of heat challenge, contained 17% endophyte-infested fescue seed, which was substituted for the 12% cotton seed hulls and 5% cracked corn in the diet fed during treatments 1 and 2.
A minimum of 80% endophyte infestation of the fescue seed was confirmed via the staining method. 1 Ergovaline content was quantified by high-pressure liquid chromatography (HPLC). 12 The treatment ration contained 425 ppb ergovaline; at 6.4 kg/herd/day, daily intake per animal was 2,720 µg ergovaline.
A 7-day interim period was provided to allow the bulls to adjust to the endophyte-infested fescue seed ration.
Environmental and dietary treatments. After acclimation, environmental temperature was elevated 1.1 C/day to 34 C in order to test for uniformity of animal response to environmental temperature. Chambers were maintained at this temperature for 12 hr, then immediately returned to 22.2 C. The endophyte-free ration was fed during the period of gradual environmental temperature increase. This set of environmental and dietary conditions was designated as treatment 2. After a 5-7-day interim, the incremental environmental temperature increase was repeated, but the diet was ment differences for AG were analyzed by the F-test using changed to the ration containing endophyte infested fescue residual mean squares as the error term in an analysis of seed (treatment 3).
variance that included effects of treatment and animal. This This protocol of 3 consecutive treatments was followed for was done because AG is a calculated value and only one each group of bulls. value per animal per treatment was determined. Treatment
Data and sample collection. Three arterial blood samples means for each trait were compared by Fisher's protected were collected from each bull: 3 during treatment 1 (control, least significant difference. All analyses were conducted using 22.2 C, endophyte-free diet), 3 during treatment 2 (34 C, the Statistical Analysis System (SAS) program. c endophyte-free diet), and 3 during treatment 3 (34 C, endophyte-infested seed diet). Samples from treatments 2 and
Results
3 were collected during the 12 hr of peak environmental temperature, and all samples were collected at or near 0900,
In order to determine if certain genetic bloodlines 1300 and 1700 hr.
within a breed were more or less susceptible to en-Arterial blood samples were collected into preheparinized dophyte toxicosis and environmental heat, treatment 3-ml syringes with 20-ga, 2.5-cm needles. Samples were im-means for each variable were calculated and compared mediately stoppered and placed on ice. Arterial blood pH, on an intragroup basis ( Table 1 ). Significant (P < 0.05) Pco 2 , base excess (BE), and HCO 3 were determined from differences were noted between treatment 1 (control) each sample within 45 min of collection. a and treatments 2 and 3 in group A (pH, Pco 2 HCO 3 -), Venous blood samples were collected into 5-cc vacutainers group B (Pco 2 , HCO 3 -, BE), and group C (Pco 2 , HCO 3 -, at 1300 hr during each treatment. Serum sodium (Na+) and BE, AG). Significant differences between treatments 2 potassium (K+) levels were determined by flame photometry, and serum chloride (Cl-) levels via colorimetry. b and 3 were noted in group A (BE), group B (pH), and Data evaluation. Anion gap (AG) was calculated using the group C (pH, AG). Measurements determined from formula samples collected from each animal during each treatment were compared. Variance of pH values for in-AG = (Na + + K + ) -(Cl -+ HCO, -) dividual animals within treatments were negligible. In-Only, one observation per animal per treatment was utilized dividual and treatment differences for all 5 traits were for these calculations. Due to financial constraints, further determined by analyses of variance (Table 2 ). Withinevaluations of serum Na+, K+, and Cl-concentrations were group treatment differences for all 5 variables were not completed at this time. significant (P < 0.05) or highly significant (P < 0.01). This protocol was part of a larger project designed BE), treatment differences were analyzed by F-test using the to determine the heritability of bovine sensitivity to treatment x animal interaction term as the error term. Treat-heat stress and endophyte toxicosis. Purebred animals from the University of Missouri-Columbia beef herds were selected in order to more easily correlate results.
The treatment 3 diet was formulated on the basis of previously recorded data. Results of feeding trials indicate that a marked drop in feed intake can be consistently reproduced when cattle are fed rations containing more than 20% infested fescue seed on an asfed basis (Leuker JV: 1991, MS Thesis, Department of Animal Science, University of Missouri, Columbia). A 17% infested seed ration was chosen in preference to an infested forage ration for several reasons: ease of feeding, less feed waste (and therefore more consistent and predictable endophyte intake), less variability in endophyte content, and more accurate detection of endophyte levels.
Comparison of treatments showed a significant difference in the bovine acid-base status under control (treatment 1) versus heat (treatments 2, 3) conditions in all groups. Intake of fescue endophyte seemed to have little effect on the response to heat in all groups, i.e., few results varied significantly between treatments 2 and 3.
This trial was unique in that subjects were exposed to quantified amounts of endophyte under controlled conditions. However, the results of our trials were similar to those of previous experiments in which bovine subjects were exposed to extremes of environmental heat, i.e., most changes were not outside normal ranges (Table 3 ). This suggested little change in overall acid-base status and a minor amount of true physiologic heat stress. The changes observed seem to reflect compensation for mild, chronic alveolar hyperventilation and a mixed acid-base state due to the accumulation of acid metabolites. The almost zero variance in pH values for individual animals within treatments indicated that although treatments 1 and 2 differed significantly, the overall effect on animal metabolism and pH balance was very small.
Prior investigators have reported only small acidbase changes in animals exposed to "mild heat" (42 C), usually not outside the normal range. Observed changes included a slight decrease in Pco 2 and a slight increase in PH. 2 Under conditions of severe heat (45 and 50 C), respiratory alkalosis was coexistent with metabolic acidosis due to the production and accu-mulation of lactic acid and other metabolites from respiratory muscle activity. 2 The temperature end point of these trials (34 C) was sufficient to induce signs of heat stress (open-mouth panting, frequent urination, and drooling) in many bulls. The respiratory effort observed at 34 C could certainly have caused marked exertion of respiratory musculature and lactic acid production. It was not deemed necessary or humane to further elevate chamber temperatures or increase the duration of peak temperature.
In this trial, AG was calculated to help indicate sources of possible acid-base abnormality. 13 The AG in these animals were highly variable, particularly in group B. Individuals in group A had elevated AG during treatment 2, and bulls in group C exhibited elevations in AG during both treatments 2 and 3. These results were probably due to the retention of excess organic anions, in particular lactate produced during respiratory muscular activity. In contrast, the bulls in group B had lower-than-normal values during teatments 1 and 3 due to markedly decreased serum Na+ concentrations. The water intake of the group B bulls (Angus) markedly increased during times of heat stress, which may have contributed to increased loss of sodium in the urine. Observed increases in water intake and urination were not a consistent finding in groups A and C (Simmental).
The formula for AG utilizes serum measurements of Na + , K + , Cl -, and arterial HCO 3 - and is based on the Law of Electroneutrality, which states that the sum of extracellular fluid cations must equal the sum of extracellular fluid anions. Therefore, by calculating the difference between measured cations and anions, the resulting value for the AG reflects the unmeasured cations and anions. 11 Unmeasured anions include phosphate, sulfate, lactate, pyruvate, alpha and beta globulins, and albumin. Unmeasured cations include calcium, magnesium, and gamma globulins. Alterations in unmeasured cations large enough to alter the AG are frequently fatal. Increases in unmeasured anion concentration or decreases in unmeasured cation concentrations increase the AG. 11 These data also suggested slight chronic alveolar hyperventilation and mild compensatory changes. Although pH, Pco 2 , HCO 3 -, and BE values in these trials were not outside the expected normal range for cattle (Table 3) , the trends were reflective of those noted during compensation for chronic alveolar hyperventilation (normal pH, decreased Pco 2 , decreased HCO 3 -, and decreased BE). 9 Compensation occurs when blood pH is altered due to either a primary metabolic or primary respiratory imbalance. If the primary change is respiratory (a change in Pco 2 ), then the metabolic component (HCO 3 -) will adapt to retain the pH in the normal range. Such metabolic compensation requires several hours or days to occur and hence implies chronicity. 9 During acute hyperventilation, blood gas changes include decreased Pco 2 , increased pH, normal HCO 3 -, and normal BE. As hyperventilation becomes more chronic, HCO 3 is eliminated by renal mechanisms, and pH values return to normal. 9 Base excess values decrease, reflecting the metabolic changes, and Pco 2 levels remain low. Thus, blood pH is maintained within normal limits, in spite of ongoing primary deficits in alveolar Pco 2 . 13 Base excess characterizes the overall nonrespiratory acid-base state independent of respiratory acid-base state. It is calculated from measured Pco 2 and pH. 7 A negative BE indicates a loss of buffer base or a gain of strong acid. 10 Our findings indicate that these bulls had adequately compensated for mild chronic hyperventilation. Exertion of respiratory muscle and production of lactic acid seemed to have a greater effect on arterial pH than the reduction in Pco 2 . Conditions of heat and humidity similar to those in summer in central Missouri may induce small changes in bovine acid-base status that may vary both within and between breeds.
